on layer depth could be obtained if
other radar systems, working at dif-
ferent wavelengths, could be used in
the same type of experiment. Similar
observations could be made on some
of the near planets in order to gain
further insight into their surface char-
acteristics or possibly their atmo-
spheres.
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Mars: Compatible Determinations of Surface

Pressure through Particle Scattering

Abstract. The number of scattering particles required to bring the visual
polarimetric and ultraviolet photometric estimates of the surface pressure of
Mars into agreement are calculated. Concentrations of 103 to 10? ice particles,
0.2 micron in diameter, per square-centimeter column are obtained. Based on
concentrations of Aitken nuclei in the atmosphere of Earth, a layer less than
100 meters thick would contain the required number of particles. The compatible
pressures obtained in this manner for various N,~CO, and Ar—CO, atmospheric
models lie within the range of pressures determined spectroscopically.

The interpretation of recent spectro-
scopic observations of the 5v; band of
CO, in the Martian atmosphere has
suggested surface pressures far lower
than the generally accepted value of
85 or 90 mb determined polarimetrically
by Dollfus (1) and supported by the
photometry of de Vaucouleurs (2). An
upper limit for the surface pressure,
based on ultraviolet photometry from
the ground (3), lies between these
values.

The discrepancies among these
results and the design-data require-
ments for spacecraft entering the
Martian atmosphere stimulated a great
deal of new work on the problem of
the surface pressure, including critical
reviews by Chamberlain and Hunten
(4) and by Cann, Davies, Greenspan,
and Owen (5). The latter review con-
sidered the visual polarimetric measure-
ments of Dollfus (/)and an ultraviolet
photometric estimate by Musman (3),
in addition to various pressure deter-
minations from the spectroscopic ob-
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servations by Kaplan, Minch, and
Spinrad (6).

The polarimetric technique involves
separation of the atmospheric bright-
ness B,° and surface brightness B,° at
the center of the disk on the basis of
differences in polarizing characteristics.
The absolute atmospheric brightness at
6100 A is then determined from the
ratio B,°/B,° and from independent
photometric observations of B.°. The
pressure is estimated from Rayleigh
scattering theory; a pure molecular
atmosphere with scattering and polar-
izing properties similar to those of air
is assumed. Dollfus (/) obtained a
brightness ratio (B,°/B.°) of 0.028
and a pressure of 90 mb. During the
review of the polarimetric work (5) it
was found that Dollfus (/) unneces-
sarily separated the phase and zenith-
angle dependence of polarization. Re-
examination of the data without sep-
arating variables yielded a revised
value for the brightness ratio of 0.015
which, when coupled with more recent

photometric results, gave a pressure
estimate of 61 mb for a nitrogen
atmosphere. Atmospheres consisting of
two constituents were considered, and
it was found that the visual pressure
determination P, could be expressed as:

= By’ (BSO 4 pvg
By B) B. ) Ap (cosO) X

[le +a - x)Mz]
Xo1v + (1 - x)a'g"

where (B,°/B,°) is the ratio of atmo-
spheric to surface brightness at the cen-
ter of the Martian disk at 6100 A;
(B,°/B,) is the ratio of the brightness
of the center of the disk to the bright-
ness of the entire disk; p, = »BJ/E
is the monochromatic geometric albedo
at 6100 A, where E is the monochro-
matic solar flux; g is the gravitational
force per unit mass on Mars; p( cos 0)
is the Rayleigh phase function for back-
scattering; A, is Avogadro’s number;
M, and M, are the gram molecular
weights of the two constituents; ¢," and
¢, are the Rayleigh scattering cross
sections per molecule for the two con-
stituents at 6100 A; and x is the frac-
tion of molecules or atoms of consti-
tuent 1.

The estimate made by ultraviolet
photometry (3) is based on the assump-
tion that, because of the low surface
albedo, the entire brightness of Mars
at 3300 A is due to atmospheric scat-
tering. This estimate is necessarily an
upper limit in the absence of absorp-
tion. This was pointed out by Musman
(3), who matched the reflectivity of
Mars at 3300 A with model Rayleigh
atmospheres and obtained an optical
thickness of 0.058. This optical thick-
ness corresponds to a surface pressure
of 27 mb for a nitrogen atmosphere.
For a two-constituent atmosphere, the
ultraviolet pressure determination P,
can be expressed as:

Puv = G794 4, | xow (1 = 0o

7 [ xM: 4+ (1 — xX)M: ]
where P, = #B,/E is the monochro-
matic geometric albedo at 3300 A;
0.794 is a factor containing the phase
function and a correction for the
sphericity of the atmosphere; and
¢,%v and o," are Rayleigh scattering
cross sections per molecule for the two
constituents at 3300 A. The results ob-
tained by this formulation are in agree-
ment with Musman’s determination (3).
In both of these techniques only
molecular scattering is assumed for the
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observed atmospheric brightness B,. If
particles exist in suspension in the
atmosphere, the observed brightness will
be

B,=B, + B,

where B, and B, are the brightnesses
produced by molecules and particles,
respectively. If the particles are smaller
than about 0.2 p in diameter, they will
have visual polarizing properties similar
to molecules and will not be detectable
in the polarimetric studies. They may
still, however, contribute significantly
to the brightness. It is important to
note that consideration of this re-
stricted class of particles limits the
physical validity of this calculation.
This restriction is necessary, however,
since the brightnesses are additive only
when the polarization characteristics of
the particles match those of the mole-
cules. This has also been demonstrated
by Rea and O’Leary (7).

Only the molecular brightness B,
should be included in the visual and
ultraviolet pressure determinations.
Thus, correction of the above expres-
sions for the effect of particle scattering
involves the subtraction of the particle
brightness B, from the observed bright-
ness B,; that is, replacement of B, by
(B, — B,). The presence of » particles
per square-centimeter column will (at
opposition) produce a brightness (8)

E A2

v 872

B Nio

where E is the incident solar flux, A is
the wavelength, and i, is the Mie back-
scatter coefficient. Incorporation of this
correction in the previous expressions
yields

(B ) AO; (o5 ) ¥
[iﬁff‘iﬁi Zoee] L(2) =55 )
and
Puv = g793 [x)fr],v{: -_ll- ((11 = i?f:uv] x

[puv -

for the visual and ultraviolet estimates
in the presence of N particles per
square-centimeter column. The terms
on the far right of each expression
represent the molecular brightness
B, = B, — B,.

The obvious question arose as to
whether the effect of some abundance
N, of particles could bring the visual
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Table 1. Compatible visual and ultraviolet determinations of the surface pressure of Mars.

Pressure (mb)

Atmospheric composition (%) N Compatible
Visual Ultraviolet (109) pressl;x ™

isua vi m

Ne CO: Ar determination determination (e0)
100 61 27 6.3 24
75 25 54 24 6.2 22
50 50 43 21 6.2 19
25 75 45 20 6.2 18
100 42 19 6.2 17
75 25 48 21 6.2 20
50 50 57 25 6.2 22
25 75 71 32 6.1 29
100 94 43 6.1 39

* Number of particles, 0.2 px in diameter, per square-centimeter column required for compatibility.

and ultraviolet determinations into
agreement. Setting P,, equal to P,, we
obtain the particle abundance N, per
square-centimeter column which will re-
duce the visual and ultraviolet pressure
determinations to an identical value.
The substitution of N, into the expres-
sion for either the visual or the ultra-
violet pressure determination yields the
compatible pressure (in millibars)

P =394 X 10-27 [xMx +Q - x)Mz]

xo1¥ + (1 — x)oo¥

3 591 — 354 = E]
28.7 — 3.41 (i;*v/iNZ

where the numerical values are deter-
mined from parameters listed previously
(5). Here the quantity in curved brack-
ets is proportional to n, and

[1.50 —7.28

s - [ X1 + (1 — X)av” ]

Xo1%W + (1 — x)oau¥

The ratio (i."V/i.¥*) has been esti-
mated from Penndorf’s results (8) for
ice particles. For ice particles 0.2 u in
diameter, i.*v ~ 0.15 and i." ~ 0.02.
The ratio (i."/i.") ~ 7.6 holds over a
fair range of particle sizes. Hence
the compatible pressure may not
depend critically on particle size
(in this restricted size range) and
would be valid for a distribution
of particle sizes. The number of
particles required for a compatible
pressure would, however, be strongly
dependent on the size parameter. Table
1 gives the compatible pressures for
several N,—CO, and Ar-CO, atmo-
spheres with the number N, of 0.2
u-diameter ice particles per square-
centimeter column required for com-
patibility. Also included are the visible
and ultraviolet determinations calcu-
lated in the absence of particles.

It should be noted that the ratio of
¢"/e" for CO,, N,, and Ar are ap-
proximately equal, so that the values of
S, and hence N, are nearly independ-

ent of the relative amounts of the two
constituents in either the N,—CO, or the
Ar-CO, atmospheres. The concentra-
tion of CO, in the Martian atmosphere
is most likely greater than 25 percent.
Compatible pressures are therefore in
the range 17 to 29 mb; these pressures
agree quite well with the spectroscopic
determinations, which lie in the range
10 to 40 mb.

The ultraviolet determination repre-
sents an upper limit because the surface
albedo is assumed to be zero. Considera-
tion of finite surface reflectivity at 3300
A increases N, and reduces the esti-
mates of ultraviolet and compatible
pressure.

Currently, spectroscopic pressure esti-
mates at the low end of the quoted
range are in favor. The reduction of
the 94-mb estimate (for 100 percent
Ar) to the 10-mb level requires only
9.2 X 108 particles per column. Thus,
reasonable particle concentrations can
account for a wide range of discrep-
ancies in the polarimetric and photo-
metric determinations.

Condensation nuclei (Aitken nuclei),
whose size range embraces the value
of 0.2 u diameter considered here, are
commonly found in concentrations of
105/cm® in the atmosphere of Earth.
Thus, a particle layer less than 100
meters thick would produce the effect
described above. Rea has shown (9)
that silicate particles of such size would
require months to settle from 6 km
altitude in a typical Martian atmo-
sphere.

My treatment is not meant to indi-
cate that the derived compatible pres-
sures are accurate representations of the
conditions on Mars, but rather that the
presence of a reasonable number of
particle scatterers in suspension can
bring the visible and ultraviolet deter-
minations into agreement with each
other and with the spectroscopic esti-
mates which do not suffer from this
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uncertainty. Absorption, forward scat-
tering of surface-reflected radiation, and
scattering by large particles have been
neglected, as in previous work. This
fact should be kept in mind when the
utility of photometric and polarimetric
data for atmospheric pressure deter-
minations is considered. A great deal
of analytical and experimental work
will be required before these complex
problems in real atmospheres are under-
stood.

J. A. GREENSPAN
Astro Sciences Center,
HT Research Institute,
Chicago, Illinois 60616
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Gamma-Globulin Factors (Gm and Inv) in New Guinea:

Anthropological Significance

Abstract. Analysis of the hereditary Gm and Inv y-globulin factors of 1669 New
Guineans from the Morobe and Eastern Highlands districts and Bougainville Is-
land demonstrates that the frequencies of the three Gm alleles present (Gm?,
Gma*, and Gm?ax) are similar in general to those in Mongoloids and in particular
to those in Southeast Asians and Micronesians. The New Guinea frequencies are
distinct from those in other populations, including Australian aborigines. Highly
significant differences in frequencies of Gm and Inv alleles occur between Mela-
nesian- and non-Austronesian-speaking New Guineans.

Several alleles at each of two loci
(Gm and Inv) produce a series of anti-
gens on the IgG immunoglobulin mole-
cules of man. The frequencies of the
antigens differ among populations (as
do those of the red-cell blood group
systems) and are inherited by means
of different alleles in different popula-
tions. Both characteristics make these
antigens of great interest to anthropol-
ogists, particularly because the popu-
lation differences coincide remarkably
well with traditional major racial
groupings. Only in Caucasians, for ex-
ample, does Gm(a) vary from 100 per-
cent, while Negroids alone lack Gm(x)
and show Gm(c). The allele Gm® is
present in Mongoloids and Negroids
but is absent among Caucasians ().
Since the number of studies on non-
cosmopolitan peoples is severely limit-
ed, the analyses, given in this report,
of the Gm and Inv determinations on
1669 serum samples from individuals
in the Australian Trust Territory
of New Guinea provide initial data
for an anthropologically important
area.

During 1962-63 blood samples and
anthropometric, dermatoglyphic, and
gencalogical data were collected from
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3100 New Guineans residing in an
area of the Morobe and Eastern High-
lands districts. The area measures
about 100 by 125 km and extends
northwest from Lae at the mouth of
the Markham River. Data were also
collected from 183 New Guineans
from villages near Kieta, Bougainville
Island. The blood samples were refrig-
erated and flown to Sydney, where the
serum was separated and sent to Mel-
bourne. At the end of the fieldwork
1669 serum samples were transferred
to Cleveland and were typed for Gm
and Inv factors by established meth-
ods (1-3).

The indigenous unit of orientation,
the village, was used as the initial unit
of analysis. The New Guinea villages
sampled range in population from
under 100 to several hundreds and in
altitude from sea level to approximate-
ly 1500 m. Village life retains its in-
digenous character, including depend-
ence on a horticultural technology,
to a very large degree; however, vil-
lages near Lae, an administrative cen-
ter, and on the two roads to the town,
as well as those on Bougainville, are
participating increasingly in a market
economy. Villages are characterized by

a remarkable degree of cultural auton-
omy and diversity, as evidenced most
strikingly by the approximately 500
languages recognized in the Territory
and in West Irian.

The villages tested in the Markham
Valley region were chosen in order to
take maximum advantage of the cul-
tural and ecological variation mani-
fested even in this restricted area. The
two major linguistic stocks in the Ter-
ritory, Melanesian (MN) and non-Aus-
tronesian (NAN), are roughly equally
represented. Although MN-speaking
groups are generally found in coastal
areas, mountain and valley villages of
both linguistic stocks have been in-
cluded. Three villages (Nos. 19, 20,
and 21 in Tables 1 and 2) belong to
the NAN Gadsup-Auyana-Awa-Tairo-
ra linguistic family of the East New
Guinea Highlands Stock (4), whereas
three other NAN-speaking mountain
villages, Waigwanom, Tapakanantu,
and Gwasiram, are part of the ill-de-
fined cultural complex called Kukuku-
ku (No. 22). Two NAN-speaking vil-
lages on the edge of the Saruwaged
Range, Mamamban and Narumonke
(Nos. 17 and 18), are separated from
the other NAN samples by the MN-
speaking villages of the Markham Val-
ley. The majority of the remaining vil-
lages speak the MN language Atsera
including its dialects. In some cases
neighboring and highly intermarried
villages have been combined for analy-
sis; for example, the three Nasioi-speak-
ing (NAN) villages Rumba Bakatung,
and Sirambana which comprise the
Bougainville sample (No. 23).

The official name of the village
or villages, approximate altitude, loca-
tion by coordinates, and major linguis-
tic affiliation are presented in Table 1
for the analysis, village-by-village, of
the frequencies of the Gm and Inv
phenotypes. The results of the tests on
the samples from MN speakers are
listed in section A of Table 1 and
those from NAN speakers are listed
in section B. In each group the vil-
lages have been arranged as far as
possible in order of their geographic
relation to one another.

Gene frequencies, calculated for Gm
by means devised for the ABO blood
group system (5), are shown in Table
2. The individuals comprising the sam-
ples were, for purposes of the calcula-
tions of gene frequencies, treated as un-
related, though this was patently not
the case since as far as possible whole
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